It is recognized that for most engineering purposes runoff is needed whereas this paper is restricted to the simulation of melt rates only. Therefore, this paper is viewed primarily as a contribution to expand our understanding of snowmelt processes in alpine terrain. It is hoped to provide also some impetus for the development of more realistic snowmelt runoff models.
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STUDY AREA AND MEASUREMENTs
The study was conducted in the Lfingental catchment, Tirol, at 47ø12'N, 11øE, in the Austrian Alps (Figure 1 A field program was undertaken in late April to assess the distribution of water equivalent in the basin. The selection of the sites was based on typical terrain types as outlined by Woo et al. [ 1983a, b] . These included different elevations, slopes and aspects. Measurements were designed to be representative of an area of roughly 50 x 50 m each. This was accomplished by numerous snow depth measurements over that area and a few density profiles.
Snow cover patterns were mapped on the basis of oblique aerial photos nine times during the 1989 ablation period. Snow cover boundary lines were manually identified in the printed photos and transferred to the map scale by digital monoplotting [Radwan and Makarovic, 1980 Kuhn and Pellet, 1989 ]. In the case of snowfall, deposited snow is corrected for redistribution effects due to wind and gravity. This correction scheme is analogous to the interpolation procedure of water equivalent described below. (assuming 100% diffuse radiation in both cases). The computation of direct radiation for a tilted plane including shading by surrounding terrain is based on simple geometric principles lObled and Harder, 1979]. Diffuse radiation is considered to be isotropic over the sky dome disregarding shading effects. This is a good approximation for overcast skies and high albedoes when the sky and the surrounding snow cover have radiatively similar behavior. In this study, simulation runs are performed only for the simulations by an unknown thermal and hydraulic state of the basin snow cover to be insignificant as soon as 9 hours after model start once the pack has ripened. Therefore, zero heat and water storage is assumed as the initial state of the snow cover. However, the distribution of water equivalent is quite important. The interpolation between measurements at "points," which in fact is the task, is difficult since water equivalent may vary greatly over small distances. Elder et al. [1989] recently presented an excellent review on this question and approached the interpolation problem by classifying a great number of depth measurements into terrain and radiation classes. Since in this study both logistical constraints and avalanche hazard disallowed the collection of many samples a more explicit interpolation scheme was adopted based on topographical features such as elevation, slope and local and metamorphoses rapidly and the sintering allows the snow to stick to steeper surfaces and form a strong bond rapidly. Colorado, on the other hand, has a cold, continental climate and snow is deposited at low temperatures. The snow is very dry and metamorphoses very slowly. This means that it will not stick to steep slopes very well, and is inherently unstable. It is easily redistributed by wind and sloughs and avalanches easily from the steeper slopes as they load up. As to snow deposition, the climate of the Lfingental, Tirol is between those of California and Colorado and the choice of 60 ø as a critical slope appears to be justified. Based on the above considerations, water equivalent as a function of slope is assumed to be constant between 0 ø and 10 ø and to decrease linearly to zero between 10 ø and The above assumptions give the following expression for interpolating water equivalent: we = (a I + a2z)(l -f(slope)(1 + a3curv )
where we is the water equivalent (->0), a l and a 2 are coefficients fitted to the field data, z is the elevation,f(slope) is the influence of slope (degrees) (0 if slope < 10 ø, slope/60 otherwise), a 3 is set to 50 m and curv is the terrain curvature (per meted (>0 in gullies and <0 on tops). Figure 2 shows measured water equivalent versus values predicted by the interpolation scheme. The relatively good fit of the data appears to derive from two facts: (1) sites were selected not randomly, but as being representative of a certain terrain type and (2) each data point represents the average over a 50 x 50 m area. 
STE,•TEO¾ OF MODEL EVALUATION
The distributed parameter model presented represents a number of complex snow accumulation and snowmelt processes and, therefore, consists of numerous model components. In fact, most of them can be questioned. Model evaluation based on an integrated value such as runoff is difficult because individual components cannot be disentangled from observations of their collective effect. Obviously, distributed data are more appropriate. As a first step, the focus was on snowmelt only, excluding runoff processes. This reduces the complexity of the system analyzed and yields a more precise evaluation of the snowmelt component. Clearly, a model evaluation is efficient when it allows for discriminating between alternative model assumptions. This is the case when the data tested are sensitive to these assumptions and the uncertainty introduced by other error sources is comparatively small. According to their sensitivity, different data may address different processes. This idea is adopted in this study.
Model performance is assessed on the basis of spatially distributed snow cover data. The relative importance of snowmelt processes varies within the basin and is, to some degree, related to topography. Accordingly, an analysis as a function of terrain features may be expected to identify individual processes. The following is a nonexhaustive attempt at relating snowmelt processes and phenomena to terrain features. A more detailed account is given by Obled and Harder [1979] . Figures 6 and 7) .
The variability in simulated water equivalent over the cross section appears to be large. When comparing sequential sections, errors in water equivalent may be detected to some degree. Particularly in the eastern part of the basin (Figure 7) water equivalent is overestimated. Figure 8 shows an evaluation of simulation errors on an element-by-element basis for June 26. The elements are subdivided into classes according to slope and aspect separately for the upper and the lower part of the basin. The percentage denoted by "too late" refers to elements with snow cover simulated and bare ground observed, i.e., an overestimation of snow cover. As would be expected from the previous figures the agreement is good, which is reflected in generally low magnitudes of the error. In Figure 8 there is a certain symmetry about west and east facing slopes whereas the graph for north and south facing slopes is nearly antisymmetric.
Analogously gain are smaller than on south facing slopes and, therefore, are more likely to be compensated by other error sources. An underestimation of snow cover on north facing slopes and an overestimation on south facing slopes is found in Figure 8 . This gives some indications that errors are related to solar radiation and specifically to albedo. There appear to be three reasons why this is so: (1) Albedo is well known to decrease with increasing grain size associated with metamorphism [Colbeck, 1988] . On south facing slopes, therefore, albedo may be expected to decrease more rapidly with time as more energy is available for metamorphism. (2) Albedo varies with changes in solar zenith angle [e.g., Marshall and Warren, 1987] . This is clearly an important factor in rugged alpine topography where albedo will be significantly lower on south facing slopes than on north facing slopes during nearly all times of day. In this analysis, however, albedo was assumed to be a function of the age of the snow surface only. 
